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INTRODUCTION:
An ever-increasing number of military personnel and civilians alike must work daily without
adequate sleep. Although considerable data show that sleep deprivation alters many aspects of
behavior, including motor skills and cognitive performance, little is known about changes in the
brain substrate underlying the behavioral effects. Even less is known about the cerebral effects
of recovery sleep. The overarching objective of this study is to investigate the effects of 2 full
nights of sleep loss and 2 full nights of recovery sleep on cognitive performance and brain
function. To accomplish this goal we will study 40 individuals for 6 nights and 6 days. Over the
course of this period, subjects will receive 4 polysomnograms and 10 functional magnetic
resonance imaging (FMRI) sessions. During the FMRI sessions, functional brain imaging data
will be collected while subjects perform each of 3 cognitive tasks: sustained attention, arithmetic
working memory, and verbal learning. In addition to these 40 individuals in the sleep
deprivation protocol, we will recruit 10 separate individuals who will participate only in the FMRI
portion of the protocol, not the sleep or sleep deprivation portions (the "Aim 5" portion of the
protocol). These data will allow us to determine the effects on FMRI measures of brain
activation due to repeated measurements, independent of any sleep or sleep deprivation-related
effects.

BODY:
As of July 15, 2004, the end of Year 2 of this award, we have enrolled 21 subjects in this study.
Of these 21, 17 (10 females) have fully completed the study. Three of the remaining four
individuals voluntarily withdrew from the study. Two withdrew prior to any of the experimental
nights in the laboratory, while one withdrew due to an unwillingness to remain awake after
approximately 20 hours of the sleep deprivation portion of the study. The fourth individual was
withdrawn from the study prior to the experimental nights because he underwent dental work
after signing informed consent that made him ineligible for the MRI portion of the study (i.e., he
had a permanent retainer fitted). Overall, we accomplished the main goals in our Statement of
Work for Year 2.

As reported in our Year 1 annual report, we originally experienced a delay in starting the study
due to technical difficulties with the magnetic resonance imaging (MRI) machines we planned to
use. At the end of April 2003, the Directors of the UCSD Center for Functional Magnetic
Resonance Imaging decided to replace the MRI machines due to these difficulties. At that time,
we decided to enroll subjects prior to the replacement of the magnets. Six subjects were
subsequently enrolled and completed the study. In December 2003 the Center closed for about
4 months to replace the MRI machines with different models. The Center reopened in late
March 2004 and we immediately began enrolling subjects again. However, due to this gap in
enrollment, we decided to delay enrolling subjects in Aim 5 of the study until Year 3. We did this
in order to enroll as many subjects as possible in the main study.

While the data generated from the study thus far must still be considered preliminary, we have
made three presentations based on this work. One data-driven poster was presented at the
Military Health Research Forum held in San Juan, Puerto Rico, in April 2004. At that same
meeting, Dr. Drummond (the PI) gave an oral presentation covering issues in human subjects
protection that arise in sleep deprivation research. Finally, we gave a second poster
presentation at the Associated Professional Sleep Societies (APSS) annual meeting in June
2004. This last presentation was published in a special supplement to the journal SLEEP (see
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references below). In addition, Dr. Drummond has presented preliminary brain imaging data
from this study as an example of studying individual differences in vulnerability to sleep
deprivation, as part of three larger invited oral presentations to international audiences.

KEY RESEARCH ACCOMPLISHMENTS:
"* Enrolled 21 subjects into the study
"* Completed 17 subjects throughout the entire protocol

REPORTABLE OUTCOMES:
1. Poster presentation at the Military Health Research Forum. San Juan, Puerto Rico, April

2004.
2. Oral presentation entitled, "Human Subjects Protection: Issues in Sleep Deprivation."

Delivered during the Military Health Research Forum. San Juan, Puerto Rico, April 2004.
3. Poster presentation at the Associated Professional Sleep Societies (APSS) annual

meeting, June 2004 (see references, below).
4. Data presented as part of 3 larger international presentations:

a. "Functional Magnetic Resonance Imaging & Sleep Research." Invited
presentation at the 2nd Canadian Sleep Society Conference. May 14, 2004.

b. "Neuroimaging in Sleep Research." Invited presentation delivered at the 2004
Associated Professional Sleep Societies 9th Annual Trainee Symposia Series.
June 6, 2004.

c. "The Effects of Sleep Loss on Brain Function as Measured with FMRI."
Colloquium presented in the Department of Psychology at the Max Planck
Institute for Psychiatry, Munich Germany. July 14, 2004.

CONCLUSIONS:
Despite additional delays in data collection due to infrastructure issues beyond our control, we
accomplished the main goals set forth for Year 2. We anticipate continuing to successfully meet
the goals set forth in the Statement of Work for subsequent years. While our data analysis at
this point is quite preliminary, there are indications that this study will help identify the rate at
which performance on different cognitive tasks deteriorates with sleep loss and recovers with
subsequent sleep. Furthermore, we may be able to advance our understanding of the brain
function correlates of individual differences in vulnerability and resilience to sleep deprivation.

REFERENCES:
1. Orff, HJ, Chen, T, Salamat, J, Yanagi, M, Lopez, C, Drummond, SPA. Effects of 62-

Hours Total Sleep Deprivation and Recovery Sleep on Cognitive Performance. Sleep.
2004 27(Suppl 1):A144-145.

APPENDICES:
1. Copy of poster presentation from APSS meeting, June 2004 (reference #1 above).
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